A new experimental set-up was established to measure liquid phase mass transfer coefficient of CO 2 absorption by single water droplet. The experiments were performed at 303.65 K and 323.15 K, with a droplet falling height of 0. 41 m and 0.59 m. The droplet formation time varies from 0.352 s to 2.315 s. The droplet diameter changes little and is around 2.5 mm. The effects of temperature, droplet falling height and droplet formation time on CO 2 absorption by individual water droplet are discussed.
Introduction
Spray column is one of the important types of columns that is used for bulk removal of CO 2 from a gaseous stream in industry. It provides a very large contact surface area between gas-liquid phases. A depth understanding of the mass transfer characteristics in the spray column is important for optimization design of the column and the selection of absorbent. In the spray column, liquid disperses in the gas in the form of liquid droplets. Mass transfer between CO 2 and water droplets is investigated in this work.
Whitman et al. [1] and Dixon and Russell [2] studied CO 2 absorption by single water droplet. The effect of droplet formation time on overall mass transfer coefficient was discussed. A comparison of their measured mass transfer coefficient is shown in Table 1 . The difference is because Whitman et al. obtained the mass transfer during drop formation by the extrapolation method while Dixon and Russell directly measured the mass transfer during formation by experiments. Srinivasan and Aiken [3] studied CO 2 absorption by a cylindrical jet of several water droplets with an average droplet size 82. 4 The following correlation was obtained: In this work, a new experimental apparatus was established to study CO 2 absorption by the unit part of a spray which is an individual droplet. The effects of temperature, droplet falling height and droplet formation time on liquid phase mass transfer coefficient of CO 2 absorption by single water droplet are studied.
Experimental Setup
This system produces individual droplet by pushing the liquid through a needle with the help of pressurized nitrogen. The outer diameter of the needle is 0.5144 mm and the inner diameter is 0.26 mm. The droplets fall through a gas chamber one by one and finally deposit under kerosene. Pure CO 2 is filled in the gas chamber to eliminate the gas side mass transfer resistance. A temperature control box was built outside the chamber in order to perform the absorption experiments at different temperatures. The pressure inside the chamber keeps constant and the same as the atmosphere by an overflow section. The volume flow rate of CO 2 was measured by a soap film flow meter to calculate the absorption rate. A high speed camera system was used to determine the size of droplets and the droplet formation time. The sketch of the experimental setup is shown in Figure 1 . The absorption of CO 2 into the kerosene can be measured before the droplets start dripping. The results from this blank experiment will be subtracted to get how much of CO 2 is absorbed by water droplets. Because the density of kerosene is much lower than water, the droplets deposit under kerosene very fast. Hence, the coalescence effect can be eliminated. 
Mass Transfer Coefficient Calculation
Due to the fact that the molecular diffusion coefficients of solutes are several orders of magnitude greater in gases than in liquids, the gas phase mass transfer coefficient is much greater than liquid phase mass transfer coefficient in most instances which causes that the absorption process is controlled by the liquid phase resistance [3] . The liquid phase mass transfer coefficient between liquid droplets and gas without chemical reaction was derived based on the following assumptions: (1) The droplet keeps spherical during formation and fall.
(2) The droplet grows at a uniform volumetric rate during formation. The mass balance equation of gas absorption into liquid droplets without chemical reaction is given by:
Integrating eq 2 with boundary conditions (at t = 0, C = 0; at t = , C = C) gives:
The mass transfer amount of gas absorption into a liquid droplet during its lifetime is:
The mass transfer amount of gas absorption into a liquid droplet during infinite time is:
The fractional approach to equilibrium is defined by:
Rearranging yields:
It is necessary to calculate F when M and M must first be calculated:
Here dn/dt means the mole numbers of CO 2 that being absorbed per second. means the numbers of droplets per second. Therefore ( dn/dt)/ is the mole numbers of CO 2 that being absorbed by one droplet during its lifetime. 
Hence:
Therefore, liquid phase mass transfer coefficient of gas absorption into liquid droplets without chemical reaction can be calculated from eqs 7 and 10.
Results and Discussion
The average liquid phase mass transfer coefficients of CO 2 absorption into water droplets during formation and fall at different temperatures, droplet formation times and droplet falling heights are found by experiments. The measured liquid phase mass transfer coefficients are given in Table 2 . The variations of liquid phase mass transfer coefficients of CO 2 absorption into water droplets during formation and a falling height of 0.59 m as a function of droplet formation time at 303.65 K and 323.15 K were shown in Figure 2 . The liquid phase mass transfer coefficient of CO 2 absorption into water droplets increases as the temperature rises and decreases as the droplet formation time increases. When the droplet formation time increases, the convection inside the water droplet decays, therefore the mass transfer coefficient decreases. Because CO 2 is slightly soluble in water, the solubility affects little on the mass transfer. When the temperature increases, the diffusivity of CO 2 in water increases, therefore the liquid phase mass transfer coefficient increases. The changes of liquid phase mass transfer coefficients of CO 2 absorption into water droplets during formation and a fall of 0.41 m and 0.59 m respectively as a function of droplet formation time at 323.15 K were displayed in Figure 3 . The average liquid phase mass transfer coefficient increases as the droplet falling height increases. This is because the instantaneous mass transfer coefficient increases as the droplet velocity increases during the droplet free fall. 
Conclusions
A new experimental apparatus was built to study mass transfer between CO 2 and single water droplets. The liquid phase mass transfer coefficient of CO 2 absorption by water droplets was measured at different temperatures, droplet formation times and droplet falling heights. The mass transfer coefficient increases as temperature and droplet falling height increases. The mass transfer coefficient decreases as droplet formation time increases.
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